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MULTILAYERED NETWORK OF POWER column decoders 13 , and the data sense amplifier 15 are 
SUPPLY LINES controlled by a peripheral circuit 16 . 

A plurality of memory cells MC shown in FIG . 2 are 
CROSS - REFERENCE TO RELATED provided in each of the memory cell arrays 11. Each of the 

APPLICATION 5 memory cells MC is arranged at an intersection of a word 
line WL selected by the row decoder 12 and a bit line BL 

This application is a continuation of U.S. patent applica selected by the column decoder 13. The bit line BL is 
tion Ser . No. 16 / 127,030 , filed Sep. 10 , 2018 and issued as connected to a sense amplifier 21. The sense amplifier 21 is 
U.S. Pat . No. 10,468,090 on Nov. 5 , 2019. These application connected to a sub amplifier 22 via a local I / O line LIO . 
and patent are incorporated by reference herein in their 10 The sub amplifier 22 is connected to the data sense 
entirety and for all purposes . amplifier 15 via the main I / O line MIO . As shown in FIG . 

2 , the data sense amplifier 15 may include a read amplifier 
BACKGROUND 31 , a write buffer 32 , an LBUS buffer 33 , and a GBUS buffer 

34. At the time of a read operation , read data supplied from 
A semiconductor chip such as a DRAM includes a hier- 15 the main I / O line MIO is amplified by the read amplifier 31 , 

archically established power line network . It is desirable that and then transferred to a local bus LBUS via the LBUS 
the power line network is low resistive as much as possible . buffer 33. The read data transferred to the local bus LBUS 
Particularly , it is desirable that a power line for supplying a is transferred to a global bus GBUS via the GBUS buffer 34 . 
power supply voltage to a circuit block requiring a large At the time of a write operation , write data supplied from the 
consumption current is sufficiently low resistive . 20 global bus GBUS is transferred to the local bus LBUS via 

the GBUS buffer 34. The write data transferred to the local 
BRIEF DESCRIPTION OF THE DRAWINGS bus LBUS is transferred to the main I / O line MIO via the 

write buffer 32 . 
FIG . 1 is a plan view showing a layout of a semiconductor FIG . 3 shows a layout of the data sense amplifier 15 

device according to the present disclosure . 25 corresponding to one mat of the memory cell array 11. As 
FIG . 2 is a block diagram showing a configuration of a shown in FIG . 3 , the data sense amplifier 15 corresponding 

data sense amplifier according to the present disclosure . to one mat is constituted by eight data sense amplifiers 
FIG . 3 is a plan view showing a layout of a data sense DSA0 to DSA7 . Each of the data sense amplifiers DSA0 to 

amplifier corresponding to one mat . DSA7 may perform a read / write operation for two bits . 
FIG . 4 is a plan view showing a layout of two data sense 30 Therefore , data of 16 bits may be simultaneously input and 

amplifiers . output with respect to a selected mat . Each of the data sense 
FIG . 5 is a schematic cross - sectional view showing wiring amplifiers DSAO to DSA7 includes a PMOS region 41 in 

layers included in the semiconductor device according to the which a F - channel MOS transistor is arranged and an 
present disclosure . NMOS region 42 in which an N - channel MOS transistor is 

FIGS . 6 to 8 are layout diagrams of a power line network . 35 arranged . The data sense amplifiers DSAO , DSA2 , DSA4 , 
and DSA6 and the data sense amplifiers DSAI , DSA3 , 

DETAILED DESCRIPTION DSA5 , and DSA7 are positioned in a mutually reversed 
manner in an x direction of the PMOS region 41 and the 

Various embodiments of the present invention will be NMOS region 42. A power line V1 or S1 extending in a y 
explained below in detail with reference to the accompany- 40 direction is arranged on adjacent ones of the data sense 
ing drawings . The following detailed description refers to amplifiers DSA0 to DSA7 . The power line V1 is arranged on 
the accompanying drawings that show , by way of illustra- the PMOS region 41 that is positioned on a border between 
tion , specific aspects and embodiments in which the present adjacent ones of the data sense amplifiers DSAO to DSA7 , 
invention may be practiced . These embodiments are and supplies a power potential VDD2 to a source of the 
described in sufficient detail to enable those skilled in the art 45 P - channel MOS transistor arranged in the PMOS region 41 . 
to practice the present invention . Other embodiments may The power line S1 is arranged on the NMOS region 42 
be utilized , and structure , logical and electrical changes may positioned on a border between adjacent ones of the data 
be made without departing from the scope of the present sense amplifiers DSA0 to DSA7 , and supplies a grounding 
invention . The various embodiments disclosed herein are potential VSS to a source of the N - channel MOS transistor 
not necessary mutually exclusive , as some disclosed 50 arranged in the NMOS region 42. In this manner , each of the 
embodiments can be combined with one or more other data sense amplifiers DSA0 to DSA7 is sandwiched between 
disclosed embodiments to form new embodiments . the power line V1 and the power line S1 in a plan view . As 
A semiconductor device 10 shown in FIG . 1 may be a described later , the power lines V1 and Si are provided on 

DRAM , and may include memory cell arrays 11 , row a first wiring layer . 
decoders 12 , and column decoders 13. Each of the row 55 As shown in FIG . 4 , the read amplifier 31 , the write buffer 
decoders 12 performs row access to a corresponding 32 , the LBUS buffer 33 , and the GBUS buffer 34 for two bits 
memory cell array 11. Each of the column decoders 13 included in the data sense amplifier DSAO may be disper 
performs column access to a corresponding memory cell sively arranged in the y direction . Particularly the read 
array 11. A memory cell selected by the row decoder 12 and amplifier 31 , the write buffer 32 , the LBUS buffer 33 , and 
the column decoder 13 is connected to a data sense amplifier 60 the GBUS buffer 34 are circuits requiring a large consump 
15 arranged in one of amplifier regions 14 via a main I / O line tion current among circuits constituting the data sense 
MIO . The data sense amplifier 15 amplifies read data read amplifier DSAO . A logic circuit and the like requiring a small 
from the memory cell via the main I / O line MIO , and buffers consumption current are arranged in a remaining area 35. In 
write data to be written in the memory cell via the main I / O the GBUS buffer 34 , a circuit 34 ( Read ) used for a read 
line MIO . Because the main 1/0 line MIO has a long wire 65 operation and a circuit 34 ( Write ) used for a write operation 
length , the consumption current of the data sense amplifier are respectively arranged in different areas . As described 
15 is relatively large . Operations of the row decoders 12 , the later , the power lines V1 and S1 are respectively connected 
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to different power lines provided on an upper wiring layer at in which two power lines S2 are interposed between two 
a plurality of portions in the y direction . With this configu- power lines V2 . Similarly , a space between two via conduc 
ration , the power potential VDD2 and the grounding poten- tors 61S adjacent to each other in the y direction is a space 
tial VSS are stably supplied to circuit blocks requiring a L3 in a section in which two power lines S2 are adjacent to 
large consumption current that are dispersively arranged in 5 each other in the y direction , and is a space L4 ( > L3 ) in a 
the ? direction . section in which two power lines V2 are interposed between 
As shown in FIG . 5 , the semiconductor device 10 accord- two power lines S2 . The sizes of the space L1 and the space 

ing to the present embodiment may include at least four L3 may be the same . The sizes of the space L2 and the space 
wiring layers M1 , M2 , M3 , and iRDL . The wiring layer M1 L4 may be the same . 
is a lowermost wiring layer provided on a semiconductor 10 FIG . 7 shows a layout of a power line formed on the 
substrate 2 via an insulating layer 50. The wiring layer M2 wiring layers M2 and M3 on the data sense amplifiers DSAO 
is a second wiring layer provided on the wiring layer M1 via to DSA7 . Island - like power supply patterns V3 and S3 that 
an insulating layer 51. The wiring layer M3 is a third wiring are alternately arrayed in the y direction are provided on the 
layer provided on the wiring layer M2 via an insulating layer wiring layer M3 as shown in FIG . 7. Both ends of the power 
52. The wiring layer iRDL is an uppermost wiring layer 15 supply pattern V3 in the y direction overlap on the power 
provided on the wiring layer M3 via an insulating layer 53 . lines V2 formed on the wiring layer M2 , and the power 
The wiring layer M1 and the wiring layer M2 are connected supply patterns V3 and S3 are connected to each other via 
to each other via a via conductor 61 that is provided while a plurality of via conductors 62V arranged on the both ends . 
penetrating the insulating layer 51. The wiring layer M2 and Similarly both ends of the power supply pattern S3 in the y 
the Wiring layer M3 are connected to each other via a via 20 direction overlap on the power lines S2 formed on the wiring 
conductor 62 that is provided while penetrating the insulat- layer M2 , and the power supply patterns V3 and S3 are 
ing layer 52. The wiring layer M3 and the wiring layer iRDL connected to each other via a plurality of via conductors 62S 
are connected to each other via a via conductor 63 that is provided on the both ends . Both of the via conductors 62V 
provided while penetrating the insulating layer 53. A power and 62S are provided in plural in the x direction , thereby 
line and a signal line are formed on each of the wiring layers 25 realizing low resistivity . In the present embodiment , two 
M1 , M2 , M3 , and iRDL . The wiring width and the wiring pattern arrays P1 and P2 in which the power supply patterns 
thickness of the power line and the signal line may be larger V3 and S3 are alternately arrayed in the y direction are 
in upper wiring layers as compared to those in lower wiring allocated with respect to eight data sense amplifiers DSA0 to 
layers . DSA7 corresponding to one mat . The power supply pattern 
FIG . 6 shows a layout on the data sense amplifiers DSAO 30 V3 included in the pattern array P1 and the power supply 

to DSA7 of a power line formed on the wiring layers M1 and pattern V3 included in the pattern array P2 are adjacent to 
M2 . As shown in FIG . 6 , the power lines V1 and S1 each other in the x direction , and the power supply pattern 
extending in the y direction are alternately arrayed in the x S3 included in the pattern array P1 and the power supply 
direction on the wiring layer M1 . An array pitch of the power pattern S3 included in the pattern array P2 are adjacent to 
lines V1 and S1 in the x direction matches the width of the 35 each other in the x direction . The wiring layer M3 may also 
data sense amplifiers DSA0 to DSA7 in the x direction . The include another power supply wiring and another signal 
wiring layer M1 may also include another power supply wiring extending in the y direction between the pattern array 
wiring and another signal wiring extending in y direction P1 and the pattern array P2 . 
between the power line V1 and the power line S1 . On the As shown in FIG . 8 , power lines V4 and S4 extending in 
other hand , two power lines V2 and two power lines S2 40 the x direction are provided on the wiring layer iRDL . The 
extending in the x direction are alternately arrayed in the y power supply pattern V3 is connected to the power line 14 
direction on the wiring layer M2 . In other words , a first pair via a via conductor 63V , and the power supply pattern S3 is 
line 71 in which the power line V2 and the power line S2 are connected to the power line S4 via a via conductor 63S . 
adjacently arrayed in this order and a second pair line 72 in Reference numeral 80 shown in FIG . 8 indicates a region in 
which the power line S2 and the power line V2 are adja- 45 which eight data sense amplifiers DSAO to DSA7 corre 
cently arrayed in this order appear alternately in the y sponding to one mat are provided . The power lines V4 and 
direction . The wiring layer M2 may also include another S4 are alternately arrayed in the y direction , and are respec 
power supply wiring and another signal wiring extending in tively connected to associated ones of the power supply 
the x direction between the power line V2 and the power line patterns V3 and S3 via the via conductors 63V and 63S . 
52. In the present embodiment , a total of six pairs of the first 50 In this manner , in the semiconductor device 10 according 
and second pair lines 71 and 72 are provided . A via con- to the present embodiment , because the power supply pat 
ductor 61V is provided at intersection of the power line V1 terns V3 and S3 include the pattern arrays P1 and P2 
and the power line V2 , thereby electrically connecting the alternately arrayed in the y direction , the number of the via 
power line V1 and the power line V2 to each other . A via conductors 62V connecting the power supply pattern V3 and 
conductor 61S is provided at intersection of the power line 55 the power line V2 to each other and the number of the via 
S1 and the power line S2 , thereby electrically connecting the conductors 62S connecting the power supply pattern S3 and 
power line S1 and the power line S2 to each other . As a the power line S2 to each other are increased . For example , 
result , the power line V1 extending in the y direction is as compared to a case where the power line V3 extending in 
connected to the power line V2 positioned on an upper layer they direction is arranged at the same position as the pattern 
at six positions , and the power line S1 extending in the y 60 array P1 and the power line S3 extending in the y direction 
direction is connected to the power line S2 positioned on an is arranged at the same position as the pattern array P2 , the 
upper layer at six positions . The sizes of spaces between two numbers of the via conductors 62V and 62S become twice . 
adjacent via conductors 61V and 61S in the y direction are Accordingly because the resistance value of the power line 
not the same . That is , a space between two via conductors network that supplies the power potentials VDD2 and VSS 
61V adjacent to each other in the y direction is a space L1 65 to the data sense amplifier 15 becomes lower , it becomes 
in a section in which two power lines V2 are adjacent to each possible to supply a larger amount of current to the data 
other in the y direction , and is a space L2 ( > L1 ) in a section sense amplifier 15 . 
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Although this invention has been disclosed in the context extending in the second direction and alternately arranged in 
of certain preferred embodiments and examples , it will be the first direction , wherein each of the plurality of fifth 
understood by those skilled in the art that the inventions power lines overlaps with corresponding first power elec 
extend beyond the specifically disclosed embodiments to trode patterns across the plurality of electrode pattern arrays , 
other alternative embodiments and / or uses of the inventions 5 and wherein the corresponding first power electrode patterns 
and obvious modifications and equivalents thereof . In addi across the plurality of electrode pattern arrays overlap with 
tion , other modifications which are within the scope of this a same third power line in the plurality of third power lines . invention will be readily apparent to those of skill in the art 5. The apparatus of claim 4 , wherein each of the plurality based on this disclosure . It is also contemplated that various of sixth power lines overlaps with corresponding second combination or sub - combination of the specific features and 10 
aspects of the embodiments may be made and still fall within power electrode patterns across the plurality of electrode 

pattern arrays , wherein the corresponding second power the scope of the inventions . It should be understood that 
various features and aspects of the disclosed embodiments electrode patterns across the plurality of electrode pattern 
can be combined with or substituted for one another in order arrays overlap with a same fourth power line in the plurality 
to form varying mode of the disclosed invention . Thus , it is 15 of fourth power lines . 
intended that the scope of at least some of the present 6. The apparatus of claim 1 further comprising a plurality 
invention herein disclosed should not be limited by the of electrode pattern arrays each comprising a plurality of 
particular disclosed embodiments described above . first power electrode patterns and a plurality of second 

The invention claimed is : power electrode patterns , wherein the plurality of first power 
1. An apparatus comprising : 20 electrode patterns and the plurality of second power elec 
a plurality of first power lines and a plurality of second trode patterns are alternately arranged in the first direction , 
power lines extending in a first direction and alternately wherein each first power electrode pattern in the plurality of 
arranged in a second direction different from the first first power electrode patterns is disposed between two 
direction ; adjacent second power electrode patterns in the plurality of 

a plurality of third power lines and a plurality of fourth 25 second power electrode patterns , and further wherein each 
power lines extending in the second direction and second power electrode pattern in the plurality of second 
alternately arranged in the first direction , wherein two power electrode patterns is disposed between two adjacent 
adjacent third power lines in the plurality of third first power electrode patterns in the plurality of first power 
power lines are disposed between two adjacent pairs of electrode patterns . 
fourth power lines in the plurality of fourth power lines , 30 7. The apparatus of claim 6 , wherein each of the plurality 
and wherein two adjacent fourth power lines in the of first power electrode patterns overlaps with two respec 
plurality of fourth power lines are disposed between tive adjacent third power lines in the plurality of third power 
two adjacent pairs of third power lines in the plurality lines , and wherein each of the plurality of second power 
of third power lines . electrode patterns overlaps with two respective adjacent 

2. The apparatus of claim 1 , wherein a lateral distance 35 fourth power lines in the plurality of fourth power lines . 
between a third power line in the plurality of third power 8. The apparatus of claim 7 , wherein : 
lines and another third power line adjacent to the third power each of the plurality of first power electrode patterns is 
line on one side is greater than a lateral distance between the connected with the two respective adjacent third power 
third power line and another third power line adjacent to the lines at two sides of the first power electrode pattern 
third power line on an opposite side , and through one or more via conductors on each side ; and 

wherein a lateral distance between a fourth power line in each of the plurality of second power electrode patterns is 
the plurality of fourth power lines and another fourth connected with the two respective adjacent fourth 
power line adjacent to the fourth power line on one side power lines at two sides of the second power electrode 
is greater than a lateral distance between the fourth pattern through one or more via conductors on each 
power line and another fourth power line adjacent to 45 side . 
the fourth power line an opposite side . 9. An apparatus comprising : 

3. The apparatus of claim 1 further comprising a plurality a first wiring layer comprising a plurality of first power 
of data sense amplifiers each disposed between a respective lines and a plurality of second power lines extending in 
first power line in the plurality of first power lines and a a first direction and alternately arranged in a second 
respective second power line in the plurality of second 50 direction different from the first direction , wherein two 
power lines adjacent to the respective first power line , adjacent first power lines in the plurality of first power 

wherein the plurality of data sense amplifiers are alter- lines are disposed between two adjacent pairs of second 
nately arranged in the second direction , power lines in the plurality of second power lines , and 

wherein a first data sense amplifier and a second data wherein two adjacent second power lines in the plu 
sense amplifier in the plurality of data sense amplifiers 55 rality of second power lines are disposed between two 
are adjacent to each other , and adjacent pairs of first power lines in the plurality of first 

wherein a first data sense amplifier in the plurality of data 
sensor amplifiers includes a first transistor of a first type a second wiring layer comprising a plurality of pattern 
and a second transistor of a second type arranged in the arrays each comprising a plurality of first power supply 
second direction , and patterns and a plurality of second power supply pat 

wherein a second data sense amplifier in the plurality of terns , wherein the plurality of first power supply pat 
data sensor amplifiers adjacent to the first data sense terns and the plurality of second power supply patterns 
amplifier includes a third transistor of the second type are alternately arranged in the second direction . 
and a fourth transistor of the first type arranged in the 10. The apparatus of claim 9 , wherein each of the plurality 
second direction . 65 of first power supply patterns overlaps with two respective 

4. The apparatus of claim 3 further comprising a plurality adjacent first power lines in the plurality of first power lines , 
of fifth power lines and a plurality of sixth power lines and wherein each of the plurality of second power supply 

40 

powers ; and 

60 
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patterns overlaps with two respective adjacent second power a plurality of second via electrode groups each includ 
lines in the plurality of second power lines . ing a plurality of second via electrodes each con 

11. The apparatus of claim 10 further comprising a necting an associated one of the second power lines 
plurality of via conductor arrays , each array comprising a to an associated one of the second power electrode 
plurality of via conductors arranged in the first direction , 5 patterns , 
and : wherein the first via electrodes included in each of the 

connecting a first power supply pattern in the plurality of first via electrode groups are arranged in the second first power supply patterns to one of the two overlap direction , and ping respective adjacent first power lines ; or wherein the second via electrodes included in each of connecting a second power supply pattern in the plurality 10 the second via electrode groups are arranged in the of second power supply patterns to one of the two second direction . overlapping respective adjacent second power lines . 
12. The apparatus of claim 9 further comprising a third 17. The apparatus of claim 16 , wherein the plurality of 

wiring layer , the third wiring layer comprises : first power electrode patterns and the plurality of second 
a plurality of third power lines and a plurality of fourth 15 power electrode patterns are disposed in a first metal layer , 
power lines extending in the first direction and alter- and wherein the plurality of first power lines and the 
nately arranged in the second direction , plurality of second power lines are disposed in a second 

wherein each of the plurality of third power lines overlaps metal layer different from the first metal layer . 
with corresponding first power supply patterns across 18. The apparatus of claim 16 , further comprising a data 
the plurality of pattern arrays , and 20 sense amplifier operates on a voltage between first and 

wherein each of the plurality of fourth power lines over- second power potentials respectively coupled to a first 
laps with corresponding second power supply patterns power line of the plurality of first power lines and a second 
across the plurality of pattern arrays . power line of the plurality of second power lines . 

13. The apparatus of claim 12 , wherein the third wiring 19. An apparatus comprising : 
layer is an iRDL layer . a plurality of first power electrode patterns and a plurality 

14. The apparatus of claim 12 further comprising : of second power electrode patterns alternately arranged 
a plurality of second via conductor arrays , each second via in a first direction ; conductor array is disposed in a respective third power a plurality of pairs of first power lines and a plurality of line and connects the respective third power line in the pairs of second power lines extending in a second third wiring layer to the corresponding first power 30 direction substantially perpendicular to the first direc supply patterns in the second wiring layer ; and tion , the pairs of first and second power lines being a plurality of third via conductor arrays , each third via alternately arranged in the first direction ; conductor array is disposed in a respective fourth 
power line and connects the respective fourth power a plurality of first via conductors disposed in the first 
line in the third wiring layer to the corresponding 35 direction , each first via conductor connecting one of an 
second power supply patterns in the second wiring associated one of pairs of the first power lines to an 
layer . associated one of the first power electrode patterns ; 

15. The apparatus of claim 12 further comprising a fourth a plurality of second via conductors disposed in the first 
wiring layer , the fourth wiring layer comprises : direction , each second via conductor connecting other 

a plurality of fifth power lines and a plurality of sixth 40 of an associated one of pairs of the first power lines to 
an associated one of the first power lines extending in the second direction and electrode patterns ; power 

alternately arranged in the first direction ; a plurality of third via conductors disposed in the first 
a plurality of fourth via conductor arrays , each disposed direction , each third via conductor connecting one of an 

in a respective first power line in the first wiring layer associated one of pairs of the second power lines to an 
and connects the respective first power line to the 45 associated one of the second power electrode patterns ; 

and plurality of fifth power lines in the fourth wiring layer ; 
and a plurality of fourth via conductors disposed in the first 

a plurality of fifth via conductor arrays , each disposed in direction , each fourth via conductor connecting other of 
a respective second power line in the first wiring layer an associated one of pairs of the second power lines to 
and connects the respective second power line to the 50 an associated one of the second power electrode pat 

terns . plurality of sixth power lines in the fourth wiring layer . 
16. An apparatus comprising : 20. The apparatus of claim 19 , further comprising : 
a plurality of first power electrode patterns and a plurality third and fourth power lines extending in the first direc 

tion ; of second power electrode patterns alternately arranged 
in a first direction ; a plurality of fifth via conductors each connecting the 

a plurality of first power lines and a plurality of second third power line to an associated one of the first power 
lines ; power lines extending in a second direction substan 

tially perpendicular to the first direction , wherein two a plurality of sixth via conductors each connecting the 
lines of the plurality of first power lines and fourth power line to an associated one of the second 

two second power lines of the plurality of second 60 power lines ; and 
power lines are alternately arranged in the first direc a data sense amplifier arranged between the third and 
tion ; fourth power lines and configured operate on a voltage 

between a first and a second power potential respec a plurality of first via electrode groups each including 
a plurality of first via electrodes each connecting an tively supplied to the first power electrode pattern and 

the second power electrode pattern . associated one of the first power lines to an associ- 65 
ated one of the first power electrode patterns ; and 

55 

first power 


